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The current study investigates whether students’ tool use in a Content Management Systems (CMSs) for example, blackboard,
WebCT, relates to students’ strategy use within a CMS-supported course. In this way, the study strives to explain the tool use
diﬀerences, and furthermore, it strives to find (online) behavioral indications for students’ strategy use. Data were collected within
a first-year undergraduate course “Learning & Instruction”. Students (n = 182) reported their strategy use as measured through
the Inventory of Learning Styles (Vermunt, 1998). Students’ tool use within the CMS was logged. K-means cluster analyses revealed
four clusters that were characterized by diﬀerent strategies and accompanying tool use. Specifically, two clusters revealed a tool use
pattern that was in line with the behavioral profile of students’-reported strategy use. Interestingly, two clusters revealed a tool use
pattern that was in contrast to the reported strategy use. These results raise questions with respect to students’ tool perceptions
and students’ calibration capacities.

1. Introduction
Content management systems (CMSs) such as Blackboard
and WebCT are increasingly popular in today’s higher education as a means of providing online courses or as a part
of a blended course wherein face-to-face and CMSs support is provided [1, 2]. The popularity of CMSs can be
ascribed to its’ features that are claimed to be beneficial for
students’ learning. Specifically, CMSs provide a rich toolset
with various learning support to students, and CMSs give
students control over using these tools. Since these features
allow students to select learning opportunities in line with
their own learning needs, it is claimed that enriched, selfregulated, and motivated learning is stimulated [3, 4].
Despite these wide-spread arguments in favor for CMSs,
evidence on students’ tool use within CMSs indicates that
this learner control in tool use cannot be taken for granted.
Multiple studies revealed diﬀerences in using CMS tools (e.g.,
[5–9]). Moreover, these tool-use diﬀerences had in most
studies significant performance eﬀects which imply that not
every student profited from the learning opportunities
CMSs provide. Clearly, this evidence demonstrates that the

availability of a rich toolset does not guarantee that tools will
be used in ways as intended by the designer. In this respect,
Perkins [10] and Winne [11] stress that tool use is a
mindful process and not a passive reaction on instructional
stimuli such as tools. Specifically, adaptive tool use, or using
tools in line with the learning needs, presupposes that (a)
students perceive the learning content and tools in a similar
way as the designers/teachers, (b) students are skillful in
using the tools as intended, and (c) students are motivated
to spend eﬀort and time in using these tools [10, 11].
Consequently, adaptive tool use seems to be a metacognitive
and motivational governed behavior (cf. conditions Perkins
and Winne), wherein learners adaptively regulate their tool
use in line with the learning tasks. In this way, adaptive tool
use can be considered a self-regulated study strategy.
Consequently, tool-use diﬀerences in current CMS research could reflect diﬀerent strategy choices among students
due to diﬀerences in the underlying conditions as stated by
Perkins [10] and Winne [11]. Nevertheless, current CMS
research merely observed students’ tool use, the diﬀerences,
and how these diﬀerences impact students’ learning. The
strategy-related reasons remain still unclear. The current
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Table 1: Tool functionalities.

Category
(1) Information tools
(1.1) Basic information tools
(1.2) Elaborated information tools
(2) Cognitive tools

Functionality

Example

= tools that structure the course content

Outlines
Weblinks

= tools that elaborate on the course content
= tools through which individuals interact with the information tools. Tools

(2.1) Processing tools
(2.1.1) Information-gathering tools

that can enhance, extend, or augment thinking not inherently enhance
cognitive activity.
= tools that allow cognitive processing
= tools that allow individuals to seek and collect the information needed.

(2.1.2) Organizing tools

= tools that allow individuals to represent relationships among ideas.

(2.1.3) Performance-support tools
(2.2) Knowledge-modelling tools
(2.3) Communication tools
(3) Scaﬀold tools
(3.1) Conceptual scaﬀolding
(3.2) Metacognitive scaﬀolding
(3.3) Procedural scaﬀolding
(3.4) Strategic scaﬀolding

= tools that perform basic cognitive tasks so that individuals can stay focused
on their goals
= tools that allow to test (or explore) the validity of beliefs and theories.
= tools that allow to communicate among learners, teachers, and experts
= tools guiding learning eﬀorts
= guidance on what to consider, problem or task related
= guidance on how to think about the problem under study
= guidance on how to utilize the tools
= guidance on approaches to solve the problem

study addresses this concern. Particularly, the current contribution addresses the main hypothesis that profiles reflecting
diﬀerent tool and strategy use among students can be
encountered. Tool-use diﬀerences can be related theoretically
to diﬀerences in strategy use by comparing the behavioral
characteristics of diﬀerent study strategies with the diﬀerent
tool functionalities within CMSs. The following section
elaborates on these hypotheses.

2. Hypotheses: Behavioral Profiles of
Strategy Use
Tools that are provided through a CMS can be categorized
dependent on the kind of support they provide for the
learning process. Table 1 depicts the diﬀerent tool categories
together with their objective functionality for the learning
process [12]. In general, Table 1 illustrates a broad distinction
between (a) information tools as tools that provide information in a structured or elaborated way, (b) cognitive tools as
tools that allow interaction with the learning content, and
(c) scaﬀolding tools as tools that guide students’ learning
processes. Additionally, diﬀerent types of cognitive tools are
distinguished dependent on the object of interaction. Diﬀerent types of scaﬀolding tools are distinguished dependent on
the object of scaﬀolding.
Research and theory on students’ study strategies find
its origin in the work of Marton and Säljö’s [13], initial
distinction between surface and deep approaches of learning.
These two approaches describe qualitative diﬀerences in how
students process a specific learning task. In addition to these
diﬀerences in students’ processing strategies, Vermunt [14]
incorporates students’ regulation strategies as well in his
model on students’ study strategies. According to Vermunt

Adjunct aids
Search tools
Advance
organizer
Calculator
Practice quiz
Discussion board
Learning goals
Study tips
Tool prompts
Tutor

[15], a study strategy encompasses regulation and processing
strategies. In this respect, the model of Vermunt is applicable
to the current study given the fact that adaptive tool use, as
using tools in relation to the learning needs, is assumed to be
a self-regulated process [10, 11].
Based on a phenomenographic analysis of students’ study
strategies, Vermunt [14] distinguished, in line with Marton
and Saljö, two kinds of processing strategies: surface and deep
processing strategies. Surface processing strategies are characterized by learning activities such as rote memorization
and repetition and reflect a focus on recall and reproduction
[13, 14]. Deep processing strategies are characterized by
learning activities such as relating ideas and seeking evidence
and reflect an intention to understand what is being taught
[13, 14]. Regulation strategies are directed at regulating cognitive processing. In this respect, three kinds of regulation
strategies were distinguished (a) self-regulation, (b) external
regulation, and (c) lack of regulation [14]. In theory, a
students’ study strategy can combine any processing strategy
with any regulation strategy. However, data gathered with
the Inventory of Learning Styles of Vermunt [15] established
four study strategies that are empirically dominant; (a) a selfregulated and deep oriented study strategy, (b) an externally
and surface-oriented study strategy, (c) an unregulated study
strategy, and (d) an application-directed study strategy [17–
20]. The behavioral profile of each of these study strategies
as derived from the phenomenographic analysis of Vermunt
[16] and as measured through the Inventory of Learning
Styles [15] is used to set the hypotheses. Although the
strategies “external regulation” and “analyzing” as measured
through the Inventory of Learning Styles [15] are rather
weak (Cronbach’s alfa for regular students range between .48
and .68) they will be incorporated in the current study for
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reasons of completeness. However, their reliability will be
checked again.
Students with an external regulated and surface-oriented
study strategy process the subject matter in a superficial
way by analyzing the content on details and memorizing
and rehearsing this information [14, 15]. These students
regulate their learning externally which implies according
to Vermunts’ model [15] that they use the devices that are
provided by instruction. Although this argument counts for
support devices that are integrated into the content and
tasks (embedded devices), it is questionable if this argument
counts for tools, which are nonembedded devices [21]. In the
case of embedded devices the support can hardly be avoided
once a learner engages with the content and the learning
tasks [21]. In the case of nonembedded devices or tools,
learners have to decide when and how they will use these
tools. Hence, using tools presupposes self-regulation skills
[21] such as metacognitive monitoring and control [22].
Given this diﬀerence, it is expected that only self-regulated
learners will use the tools in a way as intended (cf. infra).
External regulated learners on the other hand will use a
limited amount of tools and will use them in a superficial
way. Given their focus on memorizing and rehearsing, these
students will select tools that are related to the examined
subject matter such as basic information tools that structure
the content that has to be learned. Furthermore, they
will avoid tools that elaborate their knowledge, that are
elaborated information tools and tools that induce higher
order learning, that is, cognitive tools.
Students with a self-regulated, deep oriented study strategy
process the subject matter in a deep manner by relating and
structuring the subject matter and by critically processing
the information. These students are focused on connecting
diﬀerent parts of the learning content and organizing these
parts into an organized whole [14]. Additionally, these students aim to do something with the content material in order
to process this material critically [14]. In addition to these
processing strategies, students self-regulate their learning
which implies that (a) they prepare their learning process,
(b) they diagnose if the learning activities progress into
an intended direction, (c) they change the original plan if
necessary, and (d) they evaluate and reflect on their learning
process [14, 15]. In line with this profile, it can be expected
that these students will use the available CMS tools in an
adaptive way since these tools structure, elaborate, and allow
critical reflection of the subject matter. Particularly, students
will use cognitive processing tools in order to organize the
information into a whole and to prepare their learning.
Furthermore, these students will use basic information tools
since these tools allow them to orient themselves to the main
structure of the subject matter. Moreover, they will also use
elaborated information tools since these tools allow them
to relate new information to their existing knowledge. In
order to diagnose their learning process these students will
use the knowledge modeling tools frequently and intensively
(longer) since they aim to focus on their state-of-the art
knowledge in relation to the course objectives. In order
to critically process the information and to monitor their
learning, communication tools will be used actively, that is,
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posting messages since this allows students to reflect on the
subject matter, to monitor their understanding, to ask for
help if necessary, and to reflect on the current understanding.
Students with an undirected study strategy lack regulation
of their learning processes. These students have diﬃculties
with regulating their learning themselves. Furthermore, these
students have diﬃculties with regulating their learning externally, that is, although they are strongly focused on the
available learning support it remains unclear for them how
these devices can support their learning. Furthermore, these
students are strongly focused on factual information, they
avoid questions and assignments that deal with comprehension and application [14]. In line with this study strategy,
it can be expected that these students will use most of the
available tools within a course. However, they will use them
in a superficial way in contrast to students with a selfregulated, deep oriented study strategy. Specifically, they will
use the knowledge modeling tools shortly since they are
mainly focused on the questions and the correct answers.
Moreover, they will avoid knowledge modeling tools that
deal with comprehending and applying the course content
since these tools are less straightforward. In addition to this,
these students will use the communication tools passively,
that is, they will merely read messages. In this way, the
discussion board will not be used to reflect and discuss the
course content. Furthermore, they will use the conceptual
scaﬀolding tools frequently and intensively since these tools
provide guidance on what to consider.
Finally, an application-directed study strategy is focused
on processing the subject matter in a concrete way. Specifically, these students seek the relevance of the subject matter
in the outer world. Furthermore, these students reflect on the
subject matter in terms of personal relevance [14, 15]. Given
this processing strategy, it can be expected that they will
use information tools that elaborate on the course content
with practical examples since these tools allow learners to
make connections with the outer world. Additionally, it can
be expected that these students will use the communication
tools actively by posting content-related messages. This tool
use allows learners to reflect on the course content in terms
of personal relevance.

3. Method
3.1. Participants. Participants were first-year Educational
Sciences undergraduates (n = 182) at the K.U.Leuven. There
were 93% woman and 7% men. Most of the students (63%)
were 18 years old. The distributions in gender and age
represent the demographics of the whole cohort of and are
typical for Flemish Educational Sciences courses.
3.2. The Blended Course
3.2.1. Content. At the K. U. Leuven, “Learning and Instruction” is a first-year bachelor course at the department of
Educational Sciences. The course is a theoretical course that
gives an introduction into the field of educational sciences.
The course content consists out of two parts: a theoretical
introduction into the main concepts and an expansion
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of these concepts. The last part consists out of diﬀerent
scientific contributions that relate to the main concepts.
3.2.2. Learning Tasks. Students’ learning was assessed by an
exam and an assignment. The exam consisted out of three
parts that measured diﬀerent aspects of students’ learning.
The first part “the factual items” contained items wherein
students had to reproduce their knowledge of the course content. The second part “the comprehension items” consisted
out of items that forced students to relate diﬀerent aspects of
the course content to each other. The last part “the application items” required students to interpret specific situations
in terms of the course content. The assignment consisted
out of an educational proposition. For this assignment,
students had to apply their content knowledge into critical
arguments regarding their agreement or disagreement with
the proposition.
3.2.3. Tools. Additional to the syllabus, a series of lectures, a
team of support staﬀ and a CMS were at students’ disposal.
The lectures provided the course content in a structured
way and hence aimed at supporting students’ information
retrieving needs. The support staﬀ organized three learning
support sessions that students could attend voluntarily.
Students could also prepare themselves (voluntarily) to the
sessions by making a preparatory assignment before each
session.
The CMS was version 9 of Blackboard. The access and
the use of the learning environment were under student
control. A variety of learning support was available on the
course. First of all, there was administrative information
about the course (e.g., course info, the announcements).
Second, diﬀerent information tools were available (e.g., the
course material outlines and the web lectures) that provided
the content in a structured way and thus strived to support
students’ information retrieving needs. Third, information
tools that elaborated on the course content were available
(e.g., web links). They provided diﬀerent content applications and hence supported students in comprehending and
applying the course content. Fourth, knowledge-modeling
tools were available (i.e., practice quiz and exercises) that
allowed students to reflect on their knowledge and on the
course requirements. Fifth, there was an opportunity for
collaboration and communication with peers, instructor,
and the course content, that is, discussion board. The discussion board supported students in critically reflecting and
comprehending the course content. Sixth, there was a planning available that revealed how knowledge and learning
were structured throughout the course. Finally, there were
some conceptual scaﬀolds (e.g., study tips, feedback on
practice quizzes) that guided students’ attention and gave
metacognitive feedback with respect to study strategies.
3.3. Measurement Instruments
3.3.1. Tool Use. Information on use of the digital (CMS)
tools was collected through logging students’ actions in the
Blackboard course. Table 2 presents the tool-use variables
that were used in this study.
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Table 2: Tool-use variables.
Digital (CMS) tools
Use of communication tool: discussion board
# messages read
# messages posted
Type of message (content-intrapersonal-technical)
Cognitive processing tool: planning
# access
Use of knowledge modeling tool Quiz1
# quiz attempts
Mean time on quiz 1
Use of knowledge modeling tool Quiz2
# quiz attempts
Mean time on quiz 2
Use of knowledge modeling tool Exercises
Exercises (2) (made or not)
Use of information tool: web links
# web links viewed
Mean time on web links
Use of conceptual scaﬀold tool
# downloads of learning support
# download of study support
Use of conceptual scaﬀold tool: Quiz1 feedback
# access
Mean time on feedback
Use of information tool: outlines
# views course material X
Use of information tool: web lectures
# views web lectures
Mean time on web lectures
Way of processing web lectures (unpause or strategic)

3.3.2. Study Strategies. Students’ study strategies were measured with the Inventory of Learning Strategies (ILSs) of
Vermunt [15]. The ILS includes four domains of learning,
two of which were considered relevant: processing strategies
and regulation strategies (together they define a study
strategy). The selected part of the instrument consisted out of
50 items, all of which described learning activities. Normally,
the ILS asks students to report about their usual way of
learning [16]. For the study’s purpose, the instructions asked
students to indicate the learning strategies adopted in the
course “Learning and Instruction”. Specifically, students had
to indicate the degree to which they agreed with a given
strategy on a six-point Likert scale (1 = totally disagree; 6 =
totally agree).
3.4. Procedure. Students’ tool use was logged throughout
the course “Learning & Instruction” starting at the moment
the course started until the final course exam. Students’
study strategies were surveyed during the third lecture of the
course. At this point, students had already some experience
with the course and its’ requirements which allowed them
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Table 3: Reliability processing and regulation strategies.
Subscale
Relating & structuring
Critical thinking
Memorizing & rsehearsing
Analyzing
Concrete processing
Self-regulation: process and result
Self-regulation: content
Self-regulation (content + process and result)
External-regulation: process
External regulation: result
Lack of regulation

Cronbach’s alpha
.85
.74
.70
.60
.80
.72
.74
.78
.62
.63
.71

to estimate their study strategies more accurately than at the
very beginning of the course.
3.5. Quality of Analyses. Quality of analyses was guaranteed
by investigating the reliability of Vermunts’ questionnaire.
Reliability refers to the extent to which the constructs are
free from error and yield consistent results [23]. In this
study, Cronbach’s alpha was used to measure the internal
consistency of the diﬀerent strategies. The Cronbach’s alphas
for the diﬀerent strategies are presented in Table 3. Results
reveal that the items measuring “analyzing”, “external regulation: process,” and “external regulation: result” are not
reliable since their Cronbach’s alpha is below the threshold
of .70 [23]. As indicated in the theoretical framework, these
constructs also had weak alpha values in the research of
Vermunt [15]. Therefore, they will be excluded from the
further analyses.
The validity of Vermunts’ questionnaire was a part of the
main analysis, that is, cluster analysis, as depicted below.
3.6. Analysis. K-means cluster analysis was performed in R
on the (standardized) tool use and study strategy variables in
order to investigate if student diﬀerences in tool and strategy
use reflect distinct profiles. K-means cluster solutions with
two to ten clusters were fitted using 1000 restarts (for
a discussion of the use of K-means cluster analysis, see
[24]). The optimal cluster solution was selected based on
the scree plot in which the number of clusters is plotted
against the sum of squared residuals. This measure decreased
monotonically, but at some point this decrease, flattened
markedly. The location of such an “elbow” was selected as
the appropriate cluster solution [25].
The diﬀerent clusters were further defined in terms of
the study strategies and the tool use that they represent.
In this respect, a multivariate analysis of variance with the
cluster solution as independent and the clustered variables
as dependent variables was performed. Particularly, results
from the Pairwise comparisons were used in order to define
the diﬀerent clusters. These cluster profiles were used to
investigate the study’s hypotheses.

4. Results
4.1. Descriptive Statistics. Table 4 presents the descriptive
statistics of tendency and distribution of students’ tool use.
Tendency values indicate that tools were not very often
used. Nevertheless, the standard deviations are in most cases
very high which indicates large individual diﬀerences among
students. Furthermore, data for a majority of the tool-use
variables is highly and positively skewed which implies that
the bulk of values lies to the left of the mean. Consequently,
most students had tool-use values that were lower than the
means. Clearly, the descriptive statistics indicate that tools
were hardly by students.
Table 5 depicts the values of tendency for each processing
and regulation strategy. Descriptives reveal that students
report on average processing strategies such as relating
and structuring, memorizing and rehearsing, and concrete
processing. On average, students report less self-regulation
strategies, lack of regulation strategies, and critical thinking
strategies.
4.2. Strategy-Related Bases of Students’ Tool Use. A fourcluster solution was selected after two K-means cluster
analyses. At a four-cluster solution a slight elbow could be
seen in the scree plot. This elbow indicates the most optimal
cluster solution wherein the distances between the cluster
centroids over the distances between the cluster members
were at their maximum.
Multivariate analysis of variance, with the four-cluster
solution as independent and the clustered variables as dependent variables revealed that these four clusters had a diﬀerent
profile, Wilks’ λ = .03, F(78, 458) = 13.47, P = .00, η2 = .70.
Table 6 depicts the cluster centroids for the four diﬀerent
clusters together with the results of the tests of between
subjects (p-level, .05). For some tools, the univariate tests
were not significant, indicating that all clusters did not diﬀer
significantly on this particular tool. In some cases, however,
for example, weblectures (timing), post-hoc comparisons
still reveal some significant diﬀerences among particular
clusters. In these cases, this information is given in the last
column.
Students in cluster 1 (n = 72) scored significantly lower
on the diﬀerent processing and regulation strategies, P ≤ .05,
than the other clusters in the post-hoc tests. Students in
cluster 1 did not use the discussion board and the web links in
comparison with students in cluster 4, P ≤ .05. Except for the
web lectures, they did not use the other tools in comparison
with students from the other clusters, P ≤ .05.
Students in cluster 2 (n = 47) scored significantly higher
for lack of regulation in comparison with the other clusters,
P ≤ .05. In comparison with students in cluster 1, students
in cluster 2 used the course outlines, the study support,
the first-practice quiz, and the feedback on the first-practice
quiz more frequently, P ≤ .05. Furthermore, they used the
feedback on the first-practice quiz longer in comparison with
students in cluster 1, P ≤ .05. In comparison with students
in cluster 1 and cluster 3, they read more messages on the
discussion board and used the learning support and the
second-practice quiz more frequently, P ≤ .05. Additionally,
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Table 4: Tool use descriptive.

Tool

M (SD)

Outlines
Web lectures (frequency)
Web lectures (timing)
Web lectures (nonstop view)
Web lectures (strategic view)
Weblinks (frequency)
Weblinks (timing)
Planning
Discussion board (read)
Discussion board (post)
Discussion board (content related)
Quiz 1 (frequency)
Quiz 1 (timing)
Quiz 2 (frequency)
Quiz 2 (timing)
Feedback quiz 1 (frequency)
Feedback quiz 1 (timing)
Study support (frequency)
Learning support (frequency)

3.32 (.85)
9.96 (19.10)
624.27 (735.44)
36.42 (38.85)
37.25 (39.33)
1.53 (3.34)
116.79 (517.23)
4.32 (3.35)
14.57 (21.75)
.23 (1.17)
.20 (.92)
1.40 (1.20)
2242.13 (4959.52)
.97 (1.02)
846.76 (2706.27)
.41 (.83)
336.60 (3058.54)
.52 (.64)
3.27 (2.30)

Table 5: Study strategy descriptive.
Strategy
Relating & structuring
Critical thinking
Concrete processing
Self-regulation
Memo and rehearsing
Lack ofs regulation

M (SD)
4.20 (.69)
3.54 (.77)
4.03 (.77)
3.40 (.60)
4.05 (.71)
3.36 (.70)

students in cluster 2 watched the web lectures for a shorter
time but watched them more in a nonstop way in comparison
with cluster 3, P ≤ .05. Students in cluster 2 did not use the
web links and did not post messages on the discussion board
in comparison with students in cluster 4, P ≤ .05. Finally,
students in cluster 2 spent most time in the feedback on the
first-practice quiz.
Students in cluster 3 (n = 45) scored significantly higher
on relating and structuring, on critical thinking, on concrete
processing, and on self-regulation than students in cluster 2
and cluster 1, P ≤ .05. Furthermore, they scored significantly
higher on memorizing and rehearsing than all the other
clusters, P ≤ .05. Students in cluster 3 accessed the course
outlines more than students in cluster 1, P ≤ .05. Students
in cluster 3 watched the web-lectures for a longer time and
watched them more strategically in comparison with cluster
2, P ≤ .05. Students in cluster 3 did not use the web links, the
communication tools, and the planning in comparison with
students in cluster 4, P ≤ .05. Additionally, they accessed the

Skewness
(S.E. = .18)
−1.20
3.58
1.69
.63
.38
3.04
6.25
1.61
1.95
7.87
7.73
.81
3.92
.87
8.65
2.37
12.98
1.10
.78

Kurtosis
(S.E. = .35)
.78
14.29
3.48
−1.14
−1.48
10.01
43.69
3.76
3.73
69.52
72.06
.54
16.76
.06
93.22
5.65
173.86
1.22
.53

two-practice quizzes less frequent than students in cluster
4, P ≤ .05. Although they used the study support and the
learning support more than student in cluster 1, they did not
use them as frequently as students in cluster 2 and cluster 4,
P ≤ .05. Finally, they did not use the feedback on the practice
quiz in comparison with students in cluster 2 and cluster 4.
Students in cluster 4 (n = 18) scored significantly higher
on critical thinking, on concrete processing, and on selfregulation than students in cluster 2 and cluster 1, P ≤ .05.
Students in cluster 4 used the web links (frequency and
timing), the discussion board, and the planning significantly
more frequent and intense than the other clusters, P ≤ .05.
Additionally, students in cluster 4 used the learning support,
the study support, the feedback on quiz 1, and the practice
quizzes more frequently than students in cluster 1 and cluster
3, P ≤ .05. Descriptives reveal that they used the secondpractice quiz longer and the feedback on quiz 1 shorter than
students in cluster 2.

5. Discussion
This study investigated the strategy-related bases of students’
tool use within a CMS supported course. Following the
model as depicted by Perkins [10] and Winne [11], it was
argued that tool use is possibly an observable trace of
students’ strategy use since it is an informed decision based
on (a) students’ interpretation of the course context, (b)
students’ tool-use skills, and (c) students’ motivation. The
results of this study are in line with this argument; four
diﬀerent profiles were revealed that reflected diﬀerent tool
and strategy use among students.
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Table 6: Cluster profiles.
C1

C2

C3

C4

.09 (1.18)

−.35 (.80)

.18 (1.00)

.03 (.72)

Web lecture (nonstop)

−.06 (1.02)

.27 (1.11)

−.16 (.96)

.17 (.87)

Web lecture (strategic)

.02 (1.05)

−.36 (.86)

.06 (1.05)

.08 (.85)

Web lecture (timing)

Course outlines
Web links (timing)

−.52 (1.16)

.51 (.51)

−.20 (.22)

−.22 (.06)

.27 (.64)
.17 (1.34)

.66 (.38)
1.01 (2.22)

Web links (freq)

−.30 (.37)

−.27 (.34)

−.26 (.29)

2.70 (1.24)

Messages read

−.40 (.60)

.48 (.97)

−.30 (.47)

1.45 (1.62)

Messages post

−.07 (.91)

.02 (.63)

−.11 (.42)

.61 (2.40)

−.10 (.66)

−.09 (.53)

−.27 (.74)

.04 (.76)
.23 (.98)
.50 (1.21)
.43 (1.13)
.17 (1.03)

.37 (1.04)
.02 (.79)
.17 (.90)
−.04 (.86)

.69 (2.56)
.57 (1.09)
.89 (.77)
.84 (1.13)
.64 (1.57)

−.10 (.04)

.27 (2.01)

−.09 (.08)

−.02 (.15)

.01 (.92)
.20 (.87)
.20 (.87)
.13 (1.09)
.12 (.94)
.14 (1.76)
.90 (.72)
.79 (.82)
.72 (.78)
.81 (.91)
.52 (.89)
−.37 (.73)

1.23 (1.61)
.64 (1.04)
.64 (1.04)
.28 (1.48)
.68 (1.07)
.25 (.92)
.02 (.85)
.25 (.75)
.23 (.83)
.36 (.76)
.13 (1.01)
−.23 (.72)

Content messages
Preparation learning session
Learning support online
Study support
Feedback quiz 1 (freq)
Feedback quiz 1 (timing)
Planning
Exercises
Quiz 1 (freq)
Quiz 1 (timing)
Quiz 2 (freq)
Quiz 2 (timing)
Relating and structuring
Critical thinking
Concrete processing
Self-regulation
Memorizing & rehearsing
Lack of regulation

−.48 (.75)
−.54 (.73)
−.59 (.55)

−.40 (.37)

.14 (.81)

−.26 (1.32)

−.01 (.91)

−.61 (.70)

.62 (.94)
.33 (1.29)
.59 (1.02)
.09 (.59)
−.20 (.63)
−.33 (.64)
−.42 (.76)
−.21 (.75)
−.06 (1.06)
.36 (.91)

−.33 (.33)
−.59 (.63)
−.18 (.53)
−.48 (1.01)
−.39 (.97)
−.28 (1.05)
−.56 (.83)
−.29 (.95)

.00 (1.10)

Moreover, two clusters revealed a tool-use pattern that
was associated with their reported strategies. Specifically,
students in cluster 2 reported a lack of regulation strategies. According to Vermunt [14, 15], these students have
diﬃculties with interpreting what is expected from them.
Therefore, they are strongly focused on the support that
is provided by instruction although they are not able to
use them in a meaningful way. Moreover, they are directed
towards factual information and look for “hints” within the
support [14]. Students in cluster 2 revealed a tool-use pattern
that reflected this behavioral profile. Specifically, students in
cluster 2 accessed all the available tools except the web links.
It is not a surprise that students in cluster 2 ignored the
web links since these tools elaborated on the course content.
Hence, web links would distract students from their focus on
factual information. Although students in cluster 2 used all
the other tools, they merely used them in a superficial way.
Specifically, the web lectures were used shortly and mainly
in a nonstop way. Students merely started the web lectures

F-test
F(3, 178) = 2.54, P = .05, η2 = .04
C2 < C3, P ≤ .05
F(3, 178) = 1.75, P = .16, η2 = .03
C3 < C2, P ≤ .05
F(3, 178) = 1.94, P = .12, η2 = .03
C2 < C1, C3, P ≤ .05
F(3, 178) = 19.52, P = .00, η2 = .25
F(3, 178) = 8.81, P = .00, η2 = .13
F(3, 178) = 190.09, P = .00,
η2 = .76
F(3, 178) = 30.96, P = .00, η2 = .34
F(3, 178) = 2.41, P = .06, η2 = .04
C4 > C1, C2, C3, P ≤ .05
F(3,178) = 3.23, P = .02, η2 = .05
F(3, 178) = 12.18, P = .00, η2 = .17
F(3, 178) = 19.64, P = .00, η2 = .25
F(3, 178) = 20.61, P = .00, η2 = .26
F(3, 178) = 5.26, P = .00, η2 = .08
F(3, 178) = 1.41, P = .24, η2 = .02
C1 < C2, P ≤ .05
F(3, 178) = 16.04, P = .00, η2 = .21
F(3, 178) = 3.01, P = .03, η2 = .05
F(3, 178) = 25.37, P = .00, η2 = .30
F(3, 178) = 5.05, P = .00, η2 = .08
F(3, 178) = 22.36, P = .00, η2 = .27
F(3, 178) = 1.51, P = .21, η2 = .03
F(3, 178) = 25.88, P = .00, η2 = .30
F(3, 178) = 21.65, P = .00, η2 = .27
F(3, 178) = 15.70, P = .00, η2 = .21
F(3, 178) = 27.23, P = .00, η2 = .32
F(3, 178) = 6.57, P = .00, η2 = .10
F(3, 178) = 5.01, P = .00, η2 = .08

and quickly stopped it which indicates that the web lectures
were not used for specific learner-related goals. Furthermore,
students were mainly passive users of the discussion board,
that is, they read messages without contributing to the
ongoing discussion. Clearly, these students did not use the
discussion board as a tool to critically reflect and discuss on
the course content. Students in cluster 2 used the feedback
on the first-practice quiz very intensively which reflects that
they were looking for exam hints instead of reflecting on their
deficits in knowledge. In contrast to the first-practice quiz,
these students used the second-practice quiz only shortly.
The fact that the second-practice quiz consisted out of open
questions that were less straight forward could explain why
these students did not put eﬀort in using them. Hence,
although students in cluster 2 were directed towards the
available tools, their superficial tool use reflects that they
were not sure how to use them adequately which reflects their
lack of regulation. Consequently, students in cluster 2 can be
labeled as the disorganized students.
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Students in cluster 4 reported concrete processing, critical thinking and self-regulation strategies, three components
of a self-regulated and deep oriented study strategy [15].
Furthermore, these students revealed the expected tool-use
pattern that was associated with a self-regulated and deep
oriented study strategy. Specifically, self-regulated and deep
oriented students are directed towards a deep processing of
the course content by relating and structuring the diﬀerent
parts, by looking for practice applications, and by critically
reflecting on the course content [14, 15]. Therefore they will
consult nonprescribed literature to deepen their interest, to
better understand the topic, and to broaden their view. Furthermore, they will ask questions about the course content
and will assess their knowledge frequently [14]. In line with
this profile, students in cluster 4 accessed all the available
tools and used them in a meaningful way in contrast to
cluster 2 (cf. supra). Particularly, students in cluster 4 used
the web links frequently and intensively since these tools
allowed them to broaden their understanding of the course
content. Students in cluster 4 used the discussion board also
actively, that is, they posted content-related messages on
the forum. In this way, these students discussed the course
content and hence processed the material critically. In line
with this critical processing, students in cluster 4 used the
two-practice quizzes frequently and intensively. Hence, they
assessed and reflected on their knowledge and on the course
objectives. As a tool for self-regulated learning, students
in cluster 4 consulted the planning more frequently than
the other students. In this way, they were able to have an
overview over the way content was built up throughout the
course. Finally, students in cluster 4 watched the web lectures
in a strategic way which involves that they used these
information tools for specific goals. In addition to these
differences with cluster 2, these students used the scaﬀolding
tools and the course outlines. Consequently, cluster 4 reflects
a group of self-regulated and deep oriented students.
Nevertheless, results are also inconsistent with the study’s
hypotheses. Two other clusters were retrieved wherein students’ tool use did not match their reported study strategy.
Most of the students were part of cluster 1. Students in
cluster 1 did not report a specific study strategy nor did
they engage in a particular tool use except for the web
lectures. This cluster does not reflect a clear profile in terms
of tool and strategy use. Therefore, students from cluster 1
are labeled the undefined students. These undefined students
neglected the available tools which correspond to findings
from multiple studies that investigated students’ tool use in
computer-based learning environments. In multiple studies,
tools were not used when students had control over using
them (see review [26]). Again, this evidence stresses that
providing a toolset will not guarantee its’ use. Interestingly,
the current study revealed that this group of no-users had
no specific preference regarding their study strategies within
the course “Learning and Instruction”. Our study, therefore,
identifies a group of students without any preferences. This
is in clear contrast with the other studies using the ILS of
Vermunt (e.g., [17–20]).
Students in cluster 3 reported a memorizing and rehearsing strategy, a component of a surface-oriented study
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strategy, together with a self-regulated and deep oriented
study strategy such as cluster 4. According to Vermunt’s
model [15], this combination is not necessarily a problem
since self-regulated and deep oriented students can also
engage in “lower” order strategies such as memorizing and
rehearsing. Surface-oriented students are, however, restricted
to these “lower” order strategies [15]. Consequently, students
from cluster 3 should also engage in deep-oriented strategies.
Nevertheless, students’ tool use in cluster 3 reflected a
surface-oriented study strategy. Particularly, surface-oriented
students are highly selective and restricted to the examined
subject matter [14]. In line with this orientation, it was
found that students in cluster 3 were selective in their
tool use. Moreover, students in cluster 3 used tools with
an explicit link to the face-to-face context, that are, the
course outlines, the web-lectures, the study support, and
the learning support. Specifically, the outlines structured
the face-to-face lectures and the web lectures recorded
them. The study support and the learning support were
related to the face-to-face support sessions. Additionally,
students in cluster 3 used the two-practice quizzes although
their use was very short, possibly too short to speak of
a meaningful use. This tool use is again in line with the
behavioral profile of surface-oriented students [14]. Surfaceoriented students engage superficially in learning tasks and
in practice quizzes, they mainly check if they can answer the
questions without actually doing so [14]. Hence, results also
revealed that although students in cluster 3 reported similar
study strategies as students in cluster 4, they revealed an
inconsistent tool-use pattern. Moreover, they revealed a tooluse pattern that reflected a surface-oriented study strategy
despite the fact that these students reported mainly a selfregulated and deep oriented study strategy. Consequently,
students from cluster 3 are labeled the inconsistent students.
However, how can this inconsistency be explained?
A first explanation could be the grain size of the
questionnaire that caused this inconsistency. Particularly, the
questionnaire asked students to indicate their study strategies
within the course “Learning and Instruction”. Courses are,
however, not one dimensional, they include various learning
tasks that can possibly trigger other study strategies [27, 28].
As for “Learning and Instruction”, students had to make
a multiple-choice exam, an open book exam, and an
assignment wherefore they had to write an essay. Given
these diﬀerent learning tasks, it is possible that students
changed their initial study strategies as a function of each
learning task. This temporal development could explain why
inconsistent students did not reveal a tool-use pattern that
was in line with what they initially reported. It is possible
that students changed their strategy use throughout the
course from a self-regulated, deep oriented study strategy to a
surface-oriented study strategy. Empirical evidence supports
this explanation. In a study of Hadwin et al. [29] it was
found that students’ self-report of study strategies diﬀered
as a function of the tasks within the course. Nevertheless,
even if the inconsistent students have changed their initial
strategies throughout the course, some behavioral residue
of their initial strategy should have been noticed in the log
data. Particularly, since the study collected log files from
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the beginning until the end of the course. However, no
behavioral residue could be found in the data, hence this first
explanation is possibly not valid.
A second explanation could be that the inconsistent students had misfitting instructional conceptions regarding the
tool’s functionality in comparison with self-regulated and
deep oriented students. As stated in the introduction, tool
use presupposes also students’ ideas about the tool functionalities [10, 11]. The latter refers to the cognitive mediation
paradigm that postulates that students do not simply react to
objective instructional stimuli but to interpreted stimuli [30–
33]. Consequently, students’ ideas about the instructional
stimuli will define the kind of behavior students reveal
[34]. In line with this paradigm, multiple studies have
revealed that students’ instructional ideas influence students’
learning activities in general [35, 36] and students tool use
in particular [37–39]. In line with this rational, it is hence
possible that the inconsistent students did not use the toolset
because they did not perceive the available tools as supportive
for critical thinking, for concrete processing, and for relating
and structuring. Possibly, they used thus other tools in order
to process the material in a self-regulated and deep way for
example a social network site to discuss, Google to look for
elaborated information, and graduate students to assess and
reflect on their knowledge.
A final explanation relates to students’ capacity to report
accurately their strategy use within a course. Inconsistent
students possibly overestimated their self-regulated and deep
oriented study strategies given the fact that their tool
use reflects another study strategy. Already in the 90s,
Collopy [40] revealed that managers’ self-reported use of the
computer did not reflect their use as tracked through log
files. Managers tended to report more use of the computer
than they actually did. According to the researcher, this result
could be generalized to all kinds of self-reports which are
characterized by a structural response bias. The latter refers
to the sensitivity of respondents to the cultural norms behind
the questionnaire which leads to socially desired responses
[40]. Empirical evidence for his statement can be found in
the field of educational sciences as well. In a twofold study
of Winne and Jamieson-Noel [22, 41] students’ calibration
between their self-reports and their actual study tactics
within an online learning environment was investigated.
Results were conclusive that students tended to report more
study tactics than they actually used within the learning
environment [22, 41]. The researchers concluded that students were not very accurate at calibrating their thoughts
about their actions and their actual actions. A review study
of Dunning et al. [42] also indicated that in most studies
students tend to overestimate their achievement and learning
skills. Clearly this amount of evidence suggests that the third
explanation is highly possible as well.
The groups of undefined and inconsistent students call
for more research. First of all, more research is necessary that
replicates the current study in order to find out if similar
profiles can be retrieved in other CMS-supported courses.
The existence of similar patterns would strengthen our
results in terms of external validity. Secondly, future research
needs to address the empirical validity of the explanations
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that were given for the groups of undefined and inconsistent
users. With respect to the undefined users, future research is
needed to find out whether these students were not conscious
regarding their strategy use instead of lacking strategy use. As
Lompscher [43] pointed out, questionnaires measure strategies and behavior merely at the reflective instead of the action
level. With respect to the inconsistent users, it was suggested
in the first place that students’ ideas regarding the CMS tools
could possibly explain their tool use. Future research should
validate this explanation by investigating how students’
instructional ideas on CMS tools influence tool use within
CMSs. More insight would be meaningful for instructional
design. Particularly, it would provide cues in order to
adapt CMSs to students’ misconceptions regarding the tool
functionalities. In a second instance, it was suggested that
inconsistent students were not accurate in reporting their
strategy use. In order to empirically validate this explanation,
further analyses are necessary on students’ response patterns
within the ILS. If it would be the case that inconsistent
students overestimated their self-regulated and deep oriented
study strategies, then these results could trigger an interesting
discussion about the value of self-reports in strategy use.
Particularly, one can wonder how valid these questionnaires
are in order to investigate students’ learning behavior? In
what way do these questionnaires reflect either students’
behavior or students’ cognition regarding their behavior
[22]? Additionally, in what way is miscalibration between
students’ cognition and behavior important for students’
learning eﬀectiveness? Further research should address these
questions.
The results must be interpreted in light of some limitations. The current study should be mainly interpreted as
an attempt to explore and link behavioral indicators, that
is, CMS tool-use with reported processing strategies. As
suggested above, the generalizability of the study is limited
as it was conducted at a single institution and upon students
of a single course. Hence, it remains unclear if similar clusters
of study strategies and tool use can be expected among
other courses with other student populations. Secondly, the
current contribution captured students’ study strategies and
tool use as two stable things by measuring both at one
time point. Students’ study strategies were measured at the
beginning of the course, hence it was not clear from the
current data how students changed their strategy reports
throughout the course. With respect to students’ tool use,
log files retrieved an unobtrusive insight into the tools
that students used and the way these tools were used.
Nevertheless, the moment tools were selected and used
throughout the course remains unclear. A final limitation
relates to the learning eﬀects of students’ profile. The current
study did not investigate whether the diﬀerent profiles in
terms of tool and strategy use aﬀected students’ learning. In
addition to existing CMS research, the current study focused
merely on students’ tool use diﬀerences within CMSs and the
strategy-related bases of these tool use diﬀerences.
Despite these limitations, the current contribution has
some interesting implications for instructional design and
study strategy research. For study strategy research, our
results provide interesting methodological perspectives. The

10
fact that diﬀerent study strategies were reflected in distinct
observable traces, that is, disorganized, self-regulated, and
deep oriented students, provides possibilities for measuring
students’ study strategies with behavioral measurement techniques. The benefit of these kind of measurement techniques
is that they are unobtrusive, that is, students’ study strategies
are captured without interfering into students’ ongoing
behavior. From an instructional design perspective, these
results stress that it cannot be assumed that a rich toolset will
be automatically used in ways as intended by their designers.
Although there are theoretical arguments in favor of learner
control in tool use [44, 45], this study revealed that there is
a group of students, that is, the disorganized students, who
are aware of the learning support but are not able to use it
meaningfully. This result suggests that the degree of learner
control in CMSs needs to be adapted to students’ regulative
capacities. Particularly, students who report a “lack of
regulation” need metacognitive and procedural guidance in
order to learn to use the available tools in a meaningful way.
The current study revealed that a self-reported questionnaire
could indicate such students.
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